. Despite the advantage of analyzing ingestive behavior through the measurement of all consummatory activity and body-weight regulation, there is, to our knowledge, no study that has considered all the parameters-food and water intake, their interactions, and body weight changes-during their diurnal course in intact animals and when the neural structures are impaired.
Such a study could reveal information about the mechanisms involved in the maintenance of diurnal rhythmicity and shed light on the nature of the coordination of consummatory behavior and body weight regulation which is involved in this periodicity.
The present study provides data on diurnal ingestive behavior and body weight changes in rats with bilateral lesions in the hypothalamus.
Since the neural damage induced by electrolytic lesions involves interdigitated anatomical systems, for clarity of presentation, the main body of data is based on groups of rats that received similar hypothalamic lesions in which the reference point of either the VMH or lateral hypothalarnus (LH) was used. Whenever it is informative (e.g., the histological analysis of structures involved in antidiuretic hormone secretion) additional data are introduced.
The quantity of ingestion is analyzed relative to body weight, as suggested by Cizek and Nocenti (8) , and all consumption data are presented on a gram per 100 g of body weight basis. EXPERIMENT 1 In this experiment water and food intake, their interrelation, and body weight changes of rats with total bilateral ablation of the VMH were analyzed, Nine rljature female Holtzman albino rats were used. At the time of the first observation period they were 91 days of age and the average body weight -was 233 g. Vaginal smears were taken for 12 days prior to the lesions and indicated the presence of a 3-5 day estrous cycle. Since the histological analysis revealed total VMH ablation in six of these animals, the results are based on this latter group. With the skull level between lambda and bregma, the tip of the Nichrome wire probe, 0.5 mm in diameter and without insulation for 0.5 mm, was placed 2.5 mm posterior to bregma, 0.5 mm lateral to the midline, and 0.5 mm above the bottom of the skull. Anodal current of 2 ma was delivered for 20 set and the cathode was inserted in the rectum, Food, water, and body weight were measured twice daily for the following 22 days, Starting on the 29th and 56th days after the lesions, measurements were resumed for periods of 5 days to establish the permanency and consistency of the postlesion regulatory patterns. On completion of data collection, the animals were perfused via the circulatory system with physiological saline solution and 10 % Formalin.
The brains were dissected out, stored in 10 % Formalin, and subsequently sliced at 80 p, using a freezing technique and sliding microtome. Consecutive and/or alternate sections, anterior-posterior (A-P) for a greater distance than the extent of the lesions, were mounted (6) and stained with cresylechtviolett.
Results
Each of the variables included in the study were analyzed separately and are presented below in the following order: body weight changes, water intake, food intake, and waterto-food ratio. Histological analyses are provided after the description of the intake data. Body weight changes. The average body weight gain for the 21-day period immediately preceding the placement of VMH lesions was 1.14 g/day, and at the time of surgery the average weight was 257 g. Subsequent to the placement of the lesions there was an increase in weight gain to 7.18 g/ day in the first 21 -day postlesion period. However, weight gain was found to be a negatively accelerated function of time; during the period from the 29th to the 33rd day, the average weight increase was 5.00 g (average body weight was 437 g), and from the 56th to the 60th day, the average weight increase was 3.66 g (average body weight was 522 g).
The diurnal patterns of weight changes during each of the four observation periods are presented in Fig. I Water intake. Prior to the placement of VMH lesions there was a consistent diurnal rhythm in water intake, averaging 3.22 g/100 g body wt during L and 10.86 g/100 g body wt during D. This difference was found to be significant (t = 18.19, df = 5, P < -001). Figure 2 presents the changes in the pattern of water intake during the four observation periods. Overall 24-hr water intake increased significantly following VMH ablations (t = 10.76, df = 5, P < .OOl), and the magnitude of the increase between the prelesion period and the first postlesion period were approximately the same for the L and D parts of the diurnal cycle (the difference between increases during L and D was not significant; f = 0.64, df = 5, P > .50). The pattern of greater drinking during D thus continued, and the difference between L and D intake was again significant (t = 17.77, df = 5, P < .OOl). This diurnal rhythm remained throughout the 8 weeks of observation (t = 6.91, df = 5, P < .OOl at 4 weeks, and t = 9.64, df = 5, P < ,001 at 8 weeks). However, the increase in 24-hr water intake was not permanent. The mean overall daily intake in grams per 100 g body wt, during the fourth period, 8 weeks after surgery, did not differ significantly from the mean 24-hr intake during the 21 -day prelesion period (t = 1.67, df = 5, P > *lo). Food intake. During the Zl-day prelesion period, food intake was greater during D (averaging 5.28 g/100 g body wt) than during L (2.28 g/100 g body wt), and the difference was significant (t = 10.64, df = 5, P < ,001). Mean food intake data from both parts of the diurnal cycle for all four observation periods are presented in Fig. 3 . Although 24-hr food consumption increased significantly from the prelesion to the first postlesion period (t = 5.90, df = 5, P < .OOZ), it is clear that the magnitude of increase in intake during L is greater than that during the D part of the cycle. This difference in increased consumption was found to be significant (t = 8.39, df = 5, P < ,001) and, combined with the failure to find a significant increase in food intake during D (t = 0.92, df = 5, P > JO), indicated that the primary effect was an increase in food intake during L only.
The results from the subsequent observation periods reveal a general decreasing trend in food consumption, similar to that found in water intake. By the fourth period, 56-60 days after surgery, the 24-hr food intake (adjusted to body weight) was significantly less than that found during the prelesion period (t = 9.19, df = 5, P < .OOl) with no significant difference between L and D consumption (t = 0.69, df = 5, P > .50). Thus, the diurnal rhythm which was found to continue in wa period was not ter intake through the 8-week postlesion act ompanied by a similar pattern in food consumption.
Water-to-food r&o. Mean water-to-food (W/F) ratios were calculated for the six animals over all observation periods and are presented in Fig. 4 . The actual computation involved dividing the water consumption in grams by the food intake in grams, which resulted in a unitless ratio. It is clear that throughout all four periods both the L and D ratios remained consistently above 1 .O, indicating, as may be revealed by a comparison of Figs. 2 and 3, that the water intake was consistently above that of food intake. Further, the W/F ratio was consistently greater for D, even though the overall ratio increased from the prelesion to the postlesion periods. An analysis of variance conducted on the data of all four periods revealed a significant difference between the L and D ratios (F = 21.97, df = l/5, P < .Ol) and a significant overall difference between the four observation periods (F = 17.17, df = 3/15, P < .00X). The F for the interaction of the L/D cycle-by-period was not significant (F = 0.83), preventing the rejection of the null hypothesis that the two curves are parallel.
It is apparent that although measures of food and water intake showed different effects in rats with VMH lesions, the ratio of W/F ingested maintained a significant and seemingly permanent diurnal rhythm. Only the magnitude of both L and D ratios increased following VMH ablations with the greatest increment occurring during the first postlesion period.
In spite of using the VMH as a reference point in behavioral data analysis, the histology includes, for the purpose of clarity, the entire assessment of the da,mage in the hypothalamic nuclei. 8ehavioral data were based on six animals with total VMH destruction; however, three additional animals were analyzed in order to evidence that the degree of polydipsia, presumably due to a transient diabetes insipidus (DI) state, correlated with the infundibuler damage rather than with supraoptic or paraventricular lesions. Because it is difficult to determine and describe the boundaries of lesions, the following procedures were developed for scoring and ranking lesions by estimating damage to specific structures rather than estimating their overall areas or volumes. Whole brain, alternate cross-sections taken from a point somewhat anterior to any observable gliosis and continuing through the lesion to a point beyond any observable gliusis, were used for each brain. The structures assessed were the supraoptic nucleus, the paraventricular nucleus, the retrochiasmatic nucleus, the VMH nucleus, Purtnventricular nucleus (Ji'lifwmis pars mugnoceZZuZuris). Since these nuclei were affected only, if at all, near their centers, it was possible to estimate their size by counting their A-P extent in numbers of slides. The most frequent number was 10. Therefore, an estimate of damage was made by counting the number of slides on which the nucleus was essentially unobservable and converting this to a percentage of the total possible (i.e., 10 slides). T*wo of the three animals *which sho-wed the least polydipsia showed the largest amount of total damage wh ich in neith .er case was greater than about 70 % on any side. The damage in the third animal was unilateral and only about 50 % on the affected side. The three animals which shawed the greatest pokydipsia had ther no damage or slight unilateral damage. Relrochiasmatic n ucleus. No attempt was made to rank the condition of the retrochiasmatic nucleus as it was reduced in size and depth of staining approximately equally in all nine brains.
VMH nucleus. The brains fell easily into two groups with respect to the amount of the VIMH nucleus that could be seen, and these groups correspond with animals displaying transient hyperphagia.
In five of the six animals on bwhich the data are cited, the area of the nucleus was physically destroyed or did not differentiate.
In the sixth animal the nucleus was destroyed on one side but the other side had a few cells left. The remaining three animals, not included in the behavioral data, showed little alteration in food ingestion. The amount of VMH damage was estimated by first noting that, in the KGnig and Klippel atlas (13), seven plates are used to diagram the A-P extent of the nucleus and then the number of plates on which any visible remains of the nuclei could be drawn was counted, recorded as a fraction of seven, and converted to a percentage. Of the three animals excluded from the behavioral data analysis, one had unilateral damage of about 49 %; another had bilateral damage of about 43 % and 57 %; and a third had bilateral damage of about 71 % and 29 %. Infundibulum (plus pars tubaralis and re~arus infundibulum). The estimates of destruction to these structures were made by c ounting the number of slides on which one or more of them could be seen. For all nine animals these counts formed a series from 6 to 19 slides which correlated positively *with the degree of drinking behavior during the polydipsic phase. Animals with the lowest count, i.e., greatest alteration or destruction of these structures, showed the highest increase in drinking. The animals gained weight during D until the last observation period, and it was at this time that the majority of rats started to lose weight during D and gain weight during L. In other words, the phases were reversed by 180". This change in body weight pattern does not appear to depend directly on the food intake, since the animals gained weight on a smaller amount of food than that which they consumed during L at 4 weeks, when they were losing weight, An increase in weight is, among other factors, a function of the retention of water and metabolites. Under normal conditions the rats were in a positive water balance during D and a negative balance during L, the positive balance existing during body weight increase. We have established (unpublished data) that at the time the weight-gaining pattern changed after the placement of VX1H lesions, the water-retention pattern changed also. The animals with VMH lesions retained water during L whereas normal controls were in a negative balance during this period. EXPERIMENT 11 In this experiment the interrelation between water and food intake and body weight changes in animals with bilateral LH lesions were investigated.
SUbjKLS
Eighteen male Holtzman albino rats were used, 10 of which received lesions and 8 of which provided base-line control da.ta. At the time of surgery the experimental animals were 61 days of age and the average body weight was 306 q. All animals were 95 days of age at the start of the observition ncriod.
Procedure
Conditions of maintenance prior to the placement of LH lesions were similar to those in ex#erimcnf 1. Bilateral LH lesions were placed during ether anesthesia. The tip of the lesion probe was placed 2.2 mm posterior to bregma, 1.8 mm laieral to the midline, and 8,4 mm below the surface of the skull. The electrode, current, and duration were the same as those reported in experiment 1. Three days after surgery, in order to avoid death from aphagia and adipsia, the animals were maintained for 14 days on a moist diet of C/D cat and dog food containing approximately 70 % water. In addition, a solution containing 0,125 70 saccharin (sodium-o-benzoic sulfimide) and 3 % glucose was provided.
The base lines collected during the recovery period showed the characteristic adipsia-aphagia which gradually disappeared when the animals were maintained with the C/D chow and palatable solution.
Immediately following this 17-day period, the animals were switched back to ground Purina laboratory chow and distilled water. (Female rats do not switch effectively from C/D and sweet solutions following LH lesions (unpublished observations), and this was the sole cause for using male rats in this experiment).
An adaptation period of 16 days to Purina laboratory chow and wa.ter was allowed, and, following that, data on the diurnal pattern of water and food intake and body weight changes were recorded twice daily for 5 days.
When the data collection was completed, the animals were perfused and the previously described histological procedure was performed.
R&U&S
Body weigtlt changes. The animals with LH lesions averaged 3.49 g less in weight than a comparable group of intact-, male, control rats of the same age maintained under the same conditions (except postoperative care). The average body weight gain for the 5 days of observation, which followed the placement of LH lesions by 28 days, was 1.02 g/day. The control animals averaged 3.50 g/day increase during a similar observation period. The diurnal pattern of body weight changes in the rats with lesions was similar to that of the controls, in that increases occurred during D and decreases during L. Animals with lesions lost on the average of 9.08 g during L and gained an average of 10.10 g during the D parts of the cvcle. Comparable measures from the control animals were i-33 g lost during L and 7.83 g gained during D. The difference in body weight changes between the groups was not significant for D (t = 1.3 1, df = 16, P > -OS), but was significant for L (t = 3.11, df = 16, P < .Ol).
Water intake* In control animals there was a consistenl; diurnal rhythm in water intake, averaging 2.53 g/100 g body wt during L and 8.17 g during D. A similar pattern was found in the animals with LH lesions, which ingested 0.86 and 6.95 g of water during L and D parts of the cycle, respectively.
The difference in intake between L and D was found to be significant in both groups (controls: i = 10.81, df = 7, P < .OOl ; with lesions: t = 12.70, df = 9, P < -00 1). However, the overall 24-hr water intake was significantly lower in rats with LH lesions (t = 4.78, df = 16, P = <.OOl).
Food intake. During the observation period, the control animals ingested, on the average, 2.29 g of food per 100 g body wt during the L and 4.69 g during the D period. The difference was significant (t = 8.95, df = 7, P < .OOl). The animals with LH lesions consumed, on the average, 0.95 g during L and 5.14 g during D, the difference also being significant
(1 = 13.82, df = 9, P< .OOl). Betweengroup differences indicated that animals with LH lesions ate significantly less than controls during Z (t = 5.94, df = 16, P < -001) but approximately the same during D (t = 1.99, df = 16, P > -05). In other words, after the placement of LH lesions food consumption was depressed during the L part of the cycle only, whereas following the VMH ablations food consumption increased only during the L period.
Water-to-food ratio. The W/F ratio was greater during D for both control animals and animals with LH lesions. The control group's ratios were 1.10 and 1.75 for L and D, respectively, while animals with lesions had mean ratios of 1.03 and 1.38 for L and D. The L/D difference was found to be significant in the control group (1: = 6.19, df = 7, p < ,001) but not significant in the animals with lesions
(1 = 1.74, df = 9, P > .X0). Further, between-group differences were not significant for either the IL, or D parts of the diurnal cycle.
Histological Analysis
The approximate cross sections of the centers of the lesions as defined by their primary heavy glial outlines were drawn on appropriate Kiinig and Klippel (13) diagrams. These fell conveniently into a series from Plates 33B to 39B with Plates 34B and 37B having a majority of the centers. Therefore, all of the centers were redrawn on one or the other of these two plates in order to reveal the overlapping areas, if any. It is important to note that such outlines can only be approximate and results of this kind of analysis should be considered suggestive rather than conclusive.
When two or more outlines, as drawn, were either contiguous or on top of each other, it was assumed that they had a narrow overlapping area of influence in that particular A-P plane. For the seven lesions drawn on Plate 34B, the overlap area was a small medial-dorsal part of the LH; for nine lesions drawn on Plate 3723, the overlap area was the tissue between the leading edge of the capsule interna retroflexus and the LH medial forebrain bundle (MFB).
Two of the lesions drawn on Plale 37B were too dorsal and medial to impinge on that narrow strip. When they were compared with the other nine, it was revealed that they had a common area with five of them, which lay in the dorsal medial part of the lateral hypothalamus MFB. The common area of all the lesions lay in or next to the LH as defined in the diagram in Kijnig and Klippel (13). The estimation of damage in an extensive structure such as LH has its own difficulties.
The area of common destruction has been outlined in Fig. 5 , A and 23. However, it is evident that the adjoining tissue also underwent a change, and this may have contributed as well to the behavioral observations.
For example, most of the LH lesions which affected the area of the zona incerta and fields of Fore1 displayed distortions at the time of sacrifice; the medial lemniscus and capsula interna were unusually close to each other. Likewise, the mamillothalamic tract and the fornix were frequently near each other. In most of the brains with lesions, a collapse of tissue occurred posteriorly where the crus cerebri are near the posterior extension of the mammillary body. Furthermore, the capsula interna tends to curve upward toward the lesions. And finally, many, but not all, lesions have cavities of various sizes and shapes around them that usually occur posterior to the center of the lesion proper and outside of the primary glial scar. The amount of food and water consumed was directly related to the body weight of each animal. Moreover, ingestive behavior had a distinct diurnal rhythm with most of the intake of both food and water occurring during the D part of the L/D cycle. The W/F ratio also followed a diurnal rhythm, with more water per gram of food consumed during D than during L. All these findings are in agreement with previous reports (3, 10, 21, 23) . A new observation is that intact rats gained weight during D and lost weight during L, a variation which appears to be related to water retention. 
